Roles of colchicine rings B and C in the binding process to tubulin.
The interactions of tubulin with colchicine analogues in which the tropolone methyl ether ring had been transformed into a p-carbomethoxybenzene have been characterized. The analogues were allocolchicine (ALLO) and 2,3,4-trimethoxy-4'-carbomethoxy-1,1'-biphenyl (TCB), the first being transformed colchicine and the second transformed colchicine with ring B eliminated. The binding of both analogues has been shown to be specific for the colchicine binding site on tubulin by competition with colchicine and podophyllotoxin. Both analogues bind reversibly to tubulin with the generation of ligand fluorescence. The binding of ALLO is slow, the fluorescence reaching a steady state in the same time span as colchicine; that of TCB is rapid. The displacement of ALLO by podophyllotoxin proceeds with a half-life of ca. 40 min. Binding isotherms generated from gel filtration and fluorescence measurements have shown that both analogues bind to tubulin with a stoichiometry of 1 mol of analogue/mol of alpha-beta tubulin. The equilibrium binding constants at 25 degrees C have been found to be (9.2 +/- 2.5) x 10(5) M-1 for ALLO and (1.0 +/- 0.2) X 10(5) M-1 for TCB. Binding of both analogues was accompanied by quenching of protein fluorescence, perturbation of the far-ultraviolet circular dichroism of tubulin, and induction of the tubulin GTPase activity, similarly to colchicine binding. Both inhibited microtubule assembly in vitro, ALLO substoichiometrically, and both induced the abnormal cooperative polymerization of tubulin, which is characteristic of the tubulin-colchicine complex. Analysis in terms of the simple bifunctional ligand binding mechanism developed for colchicine [Andreu, J.M., & Timasheff, S.N. (1982) Biochemistry 21, 534-543] and comparison with the binding of the colchicine two-ring analogue, 2-methoxy-5-(2,3,4-trimethoxyphenyl)-2,4,6-cycloheptatrien-1-one [Andreu, J. M., Gorbunoff, M. J., Lee, J. C., & Timasheff, S. N. (1984) Biochemistry 23, 1742-1752], have shown that transformation of the tropolone methyl ether part of colchicine into p-carbomethoxybenzene weakens the standard free energy of binding to tubulin by 1.4 +/- 0.1 kcal/mol, while elimination of ring B weakens it by 1.0 +/- 0.1 kcal/mol. The roles of rings C and B of colchicine in the thermodynamic and kinetic mechanisms of binding to tubulin were analyzed in terms of these findings.